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Introduction
The contributions of information and communication technology (ICT) to firm performance have received major attention in recent years. Most existing studies find substantial productivity contributions of ICT (Brynjolfsson and Hitt, 2003; Hempell, 2005c; Matteucci et al., 2005) .
Several studies highlight, however, that ICT is no panacea but merely an 'enabling technology' whose productive usage requires complementary activities by firms. They argue that ICT, unlike other capital goods, primarily supports innovations by improving possibilities of co-operation and information sharing between employees and firms (McEvily et al., 2004) instead of directly increasing productivity. This has motivated several authors to highlight the importance of complementary organisational changes and innovation efforts as prerequisites for making ICT productive (Brynjolfsson and Hitt, 2000; Hempell, 2005a,b) . Their main argument is that ICT mainly facilitates the flow of information between firms and between employees and reduces information costs. In order to reap these benefits, firms have to give employees the possibility to react quickly to new information and communicate with each other or other firms (Batt, 1999) .
Some empirical studies provide evidence that productivity of ICT is indeed highest if coupled with own innovation activities (Bresnahan and Greenstein, 1996; Hempell, 2005b) and with organisational changes such as decentralization of decision rights or employee participation (Bresnahan et al., 2002; Brynjolfsson and Hitt, 2003) . None of these empirical studies, however, has analysed how and to what extent ICT use and investment enable firms to adjust their organisational structures in such ways that they can improve their innovation capabilities. In this paper, we argue that innovation success is an important explanation for the productivity effects of ICT. Instead of a direct "black-box-link" between ICT and productivity, we demonstrate that ICT has an impact on organisational flexibility and that the main part of the effect of ICT on innovation success can be explained by this flexibility link. In addition, differentiating between functional and numerical flexibility, we highlight specific ways how ICT affects organisation structures in firms.
In a final step, we analyse the impacts of these different flexibility choices on product and process innovations in the short and long run.
Flexibility plays an increasingly important role for the competitiveness of firms. Technical developments shorten innovation cycles and product markets get increasingly segmented and customer-oriented. This development requires firms to make production more flexible in order to innovate and to provide a greater variety of customised products and services (Piore and Sabel, 1984) . Inspired by seminal work by Atkinson (1984) , various studies have highlighted two distinct ways of increasing flexibility: on the one hand, firms try to enhance functional flexibility by employing and training workers involved in team work and perform varying tasks; on the other hand, firms increasingly source out production processes in order to reduce fixed costs and thus increase numerical flexibility.
By lowering the costs of communication between firms as well as between employees, continuously cheaper and more powerful ICT is facilitating the use of easily programmable machines, co-operation between non-managerial workers within firms as well as the co-ordination of business processes beyond firm boundaries (Bresnahan et al., 2002) . This development increases the ability of firms to react more flexibly to changes in consumer preferences and to enhance communication between employees. Moreover, improvements in ICT facilitate codification of knowledge and supply chain management and thus make outsourcing less costly (Caroli, 2003) .
Both functional and numerical flexibility may be influential for a firm's ability to innovate.
Employees in a functionally flexible work organisation have been argued to be better aware of the necessity to innovate and to be in a position to supply their specific knowledge on consumer demands and production inefficiencies (Levine and Tyson, 1990; Appelbaum et al., 2000) . In contrast, the impact of numerical flexibility on innovation appears ambiguous. On the one hand, product innovation may be complicated severely if a large number of suppliers is involved in the development process. Moreover, strategic goals pursued by suppliers and client firms may be very different. On the other hand, purchasing technologically advanced intermediate goods may contribute to improve final good quality. In addition, there may be spillover effects between supplier and outsourcing firm with respect to the production design which might spur process innovations in the outsourcing enterprise.
Although ICT-enabled organisational flexibility has received broad attention in the economic literature (Bresnahan et al., 2002; Black and Lynch, 2004) , little effort has been made to differentiate the diverse effects of ICT use on different types of flexibility and innovation performance. Our paper focuses on these issues accordingly.
For our empirical analysis, we use representative, large-scale and topical panel data from Germany including small and medium-sized firms. One particular advantage of the data is that they provide continuous metrics of the usage of functional and numerical flexibility instead of dummy variables. Functional flexibility is measured by the share of employees working in teams, in job rotation, in quality circles or in autonomous groups. Numerical flexibility is captured by two indicators: outsourcing during the past three years and the share of intermediate goods and services in sales as a measure of accumulated outsourcing decisions during the past. In addition, we are able to distinguish between the relevance of different types of ICT use and ICT investments for flexibility and innovation.
Our results show that ICT use and investment are associated with an increase in both functional and numerical flexibility but that the implications for innovation activities differ. Our measure of functional flexibility is strongly positively associated with product innovations. In contrast, outsourcing (which is our measure of numerical flexibility) allows firms to 'buy' innovations in the short run, but reduces innovative capacity in the longer run which may be due to conflicting strategic innovation interests. The direct effect of our ICT indicators declines strongly if flexibility measures are introduced to explain product or process innovations. This supports the hypothesis that ICT is mainly an enabling technology that requires complementary changes in functional flexibility.
The remainder is organised as follows. In section 2, we discuss the theoretical background on organisational flexibility, the role of ICT and the impacts of flexibility on innovation success and provide a simple empirical model in section 3. In section 4, we briefly describe our data source.
Section 5 presents and discusses the empirical results, and section 6 concludes.
Background
In this section, we summarise the main theoretical ideas and some empirical evidence about functional and numerical flexibility, the role of ICT as an enabler of both types of flexibility, and the relevance of organisational flexibility for innovation.
Functional and numerical flexibility
Inspired by Atkinson (1984) , a number of studies have established the distinction between two basic kinds of organisational flexibility of firms -functional and numerical.
1 Functional flexibility increases the possibilities to redeploy employees between activities and tasks by empowering workers with greater decision-making responsibility and assigning them a greater scope of diverse activities. It is frequently associated with team work, autonomous workgroups and flat hierarchies (Chadwick and Cappelli, 2002) . A key feature of this concept of flexibility is to make workers identify closely with the aims of the firm, leading to a higher propensity of workers to co-operate with each other, to generate ideas for improving products and processes, and to exert varying activities within the firm (Appelbaum and Batt, 1994; Batt, 1999; OECD, 1999) . Moreover, a firm resorting to functional flexibility must offer incentives to the employees to mobilise their tacit knowledge, which is why functionally flexible firms frequently employ financial incentives based on group performance (Macduffie, 1995) . Since functional flexibility requires workers to acquire complex and firm-specific knowledge, firms resort to highly qualified in-house staff. Empirical studies have found functionally flexible firms to be both more productive (Black and Lynch, 2004; Zwick, 2004) and more innovative (Hujer and Radic, 2003) .
Numerical flexibility, in contrast, aims at reducing fixed costs by contracting out jobs at reduced wages and benefits and buffer the regular work force from fluctuations (Gramm and Schnell, 2001 ). This helps firms to externalise risks with respect to demand fluctuations to external suppliers. Moreover, some goods and services can be bought cheaper or at higher quality from third parties because specialised providers can benefit from economies of scale and learning effects (Abraham and Taylor, 1996) . For the outsourcing decision, a firm compares the costs associated with internal transactions and transactions over the market (Coase, 1937) . In addition to the market price, the market transaction also incurs transaction costs in the outsourcing enterprise when intermediates are implemented in own production routines.
The two types of flexibility therefore differ in nature and purpose. This is why some researchers considered both types of flexibility as substitutes, reflecting opposed competition strategies.
Functional flexibility is largely based on tacit knowledge, i.e. knowledge that is inseparable from the individual, as well as firm-specific knowledge acquired on-the-job or from continued training.
Tacit knowledge provides competitive advantage for functionally flexible firms because it is particularly inimitable and non-substitutable (Hatch and Dyer, 2004) . Costs of dismissals and thus costs of numerical flexibility are therefore particularly high in these firms since they are associated with high losses of tacit knowledge. The competitive advantage of numerical flexibility is mainly derived from cost reductions.
Flexibility and ICT
Some studies have argued that investments in and usage of ICT facilitate organisational changes that increase the flexibility of firms (Brynjolfsson and Hitt, 2000) . These studies do not consider how the two partially conflicting flexibility forms are enhanced by cheaper and more powerful communication and storage facilities, however. Almost all empirical studies investigating the link 1 For a survey on these concepts, see Kalleberg (2001) .
between ICT and reorganisation implicitly focus on the impacts of ICT use on functional flexibility (or closely related concepts, such as high-performance workplace practices) of firms. Roberts (1990, 1995) point out that more flexible machinery such as computer-aided manufacturing (CAM) favours clusters of complementary innovative workplace practices, including team work and decentralisation of decision authority and reduces the set-up time of machines. Lindbeck and Snower (2000) and Coutrot (2003) argue that ICT use provides workers with rapid and cheap access to information. This facilitates horizontal communication between employees. They argue that firms that resort to multitasking and team production (which they coin "holistic" organisations) require workers to communicate with each other more intensively than "Tayloristic" firms which aim at exploiting productivity potentials mainly by the specialisation of workers in specific tasks and hierarchical structures. While the impact of ICT on functional flexibility has thus received broad attention in the literature, the implications for numerical flexibility have remained little explored. As highlighted by Bensaou (1997), Innocenti and Labory (2002) , and Grossman and Helpman (2002) , ICT reduces the costs of finding appropriate suppliers, to monitor subcontractors and to co-ordinate ordering, scheduling and payment systems between firms. This means that outsourcing of business activities is enhanced by ICT use. Moreover, Caroli (2003) argues that ICT encourages coding and digitalisation of employees' knowledge and skills. Therefore tacit knowledge accumulated by employees can be incorporated more easily into the firms' information system by codification.
Based on case studies, Balconi (2002) argues that increased use of electronic automation and measurement instruments has eroded the importance of tacit knowledge among workers at lower hierarchy levels and has strengthened tacit knowledge of supervisors and problem-solving staff instead.
Our data set allows us to test several hypotheses on the relationship between ICT investments and usage and both types of flexibility. In the next section, we develop two models that explain the numerical and functional flexibility decision of firms including the specific role of ICT. We empirically assess the hypotheses derived from the models in section five.
The impact of flexibility and ICT on innovations
Considering the implications of organisational flexibility for innovation, we focus on the capability of firms to introduce product innovations (i.e. new or significantly modified products or services) and process innovations. In the following, we discuss the role of functional and numerical flexibility on innovation success subsequently.
Functional flexibility: Several observers have argued that functionally flexible enterprises face lower barriers to innovate since higher discretion conceded to workers and closer co-operation in teams encourages a higher awareness to changing customer needs, joint problem-solving, continuous improvements, discovery and utilisation of local knowledge, and reactions to inefficiencies in the production process (Lindbeck and Snower, 2000; Cristini et al., 2004; Mahnke et al., 2005) . Freeman and Lazear (1995) and Zoghi et al. (2005) stress that employees with private knowledge on improvement possibilities also need the capacity to act on the information or share it with someone who already has such capacity. A functionally flexible firm with decentralised decision making attributes this capacity directly to the employee.
The organisational aspects of functional flexibility have also received considerable attention in the innovation literature concerned with absorptive capacity, i.e. the capability of firms to absorb new knowledge, assimilate it and apply it to commercial ends (Cohen and Levinthal, 1990) . Van den Bosch et al. (1999) In a case study, Brynjolfsson et al. (1997) show that the joint use of computer-based flexible machinery and substantial reorganisation of work towards higher functional flexibility dramatically increased the variety of products. Analysing a sample of German establishments, Hujer and Radic (2003) find that combining flexible workplace organisation with human resource management practices enhances innovation success. Similarly, Michie and Sheehan (1999) show for a sample of British establishments that high-performance workplace practices -including team work, incentive pay and a strong focus on communication -are strongly correlated with research and development (R&D) efforts. Zoghi et al. (2005) demonstrate for a large panel of Canadian establishments that decentralised decision making and information-sharing are positively correlated with product and process innovations.
Numerical flexibility:
The theoretical predictions about the consequences of numerical flexibility for innovation are by far less clear-cut than for functional flexibility. Some authors highlight that a strong focus on numerical flexibility may harm innovation capabilities, at least in the long term. Novak and Eppinger (2001) argue that the development of complex products calls for stronger vertical integration in order to benefit from investments in specific skills that are needed to coordinate development and production of complex designs. They back this hypothesis with evidence from the automobile industry. Supporting this view, Caroli (2003) and Hatch and Dyer (2004) highlight the strategic role of tacit knowledge as a prerequisite for innovation and sustained competitive advantage. Numerical flexibility (and outsourcing in particular) induces the risk of undermining a firm's base of tacit knowledge and innovation capabilities. Similarly, Chesbrough and Teece (1996) argue on the basis of case studies that outsourcing may harm innovation capabilities in the long term since loose partnerships of firms carry a larger potential of conflicts of interest which may be the more harmful the more complex an innovation process is.
However, these considerations can be opposed by arguments suggesting a positive effect of numerical flexibility on innovation. For example, numerically flexible enterprises can acquire new competencies faster in the short run by contracting external specialists or by buying technologically advanced components from suppliers (Abraham and Taylor, 1996) . Moreover, rapid renewal of personnel may be beneficial for firms that introduce radical innovations because tenured employees may be attached to outdated processes and resist change (Zwick, 2002) .
Empirical Models of Flexibility and Innovation
This section provides models and hypotheses about the factors determining a firm's decision to introduce numerical and functional flexibility and innovations.
Numerical flexibility: a firm's outsourcing decision
In order to derive some hypotheses on the determinants of the firms´ outsourcing decisions, we employ a simplified variant of the model proposed by Bartel et al. (2005) . Suppose producing a final good of quantity Q requires goods or services S in fixed proportions such that S Q α = and that S (denoted as intermediate in the following for simplicity) can be produced either completely in-house or be bought from external suppliers. The firm will choose the option that minimises the costs of the required quantity of the intermediate. An important pre-requisite of the model is that ICT reduces transaction costs. This notion is based on the observation that ICT allows a faster and cheaper exchange of information between firms and thus helps to co-ordinate the activities of suppliers and clients more easily. This is important because outsourcing frequently induces an intensive interaction between buyer and supplier. As highlighted by Bensaou (1997) and Innocenti and Labory (2002) , falling costs of ICT reduce the costs of finding appropriate suppliers and of comparing market prices of the intermediate (Grossman and Helpman, 2002) . Moreover, ICT facilitates co-ordination of ordering, scheduling and payment systems between firms. The use of ICT has helped to apply Just-in-Time
Producing the intermediate in-house costs C i (S) or c i (S)=C i (S)/S
Management by accelerating the process of identifying the need for ordering, the accomplishment and transmission of the order, and the delivery of the intermediates. Moreover, as argued by Caroli (2003), ICT encourages the coding and digitalisation of knowledge and skills. Therefore tacit knowledge accumulated by employees can be more easily incorporated into the firms' information system by codification. This helps firms to lower the risk of losing firm-specific knowledge, which can be conceived as transaction costs incurred by outsourcing in a broader sense.
A variety of other firm-specific internal costs and benefits of outsourcing u are extremely difficult to observe. For example, the costs of adjusting a firm's routines to outsourcing depends on the flexibility of its management and employees. The decision to outsource business processes may directly affect job tasks of individual workers, and the cost of reorganisation hinges on the ability, willingness and costs of workers to be trained for new tasks or the costs to lay them off. Moreover, outsourcing business processes is associated with strategic dependence on suppliers and may thus incur risks of knowledge leakage. Besides unobserved costs, there may be also unobserved benefits from outsourcing, however. Co-operation with external suppliers may lead to learning and knowledge spillover effects, in particular if innovative intermediates are purchased externally.
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Moreover, outsourcing may help to reduce insider bargaining power of workers. The management may threat to shift business processes to third parties in wage negotiations. We assume the sum of these unobserved costs and benefits u to be normally distributed across firms: ~(0; )
A firm decides to outsource the production of intermediates (OUTS=1) if total unit costs of externally purchased intermediates are lower than the unit costs of production in house:
. This means that the probability of outsourcing is
given by: , with
The unit cost functions of producing the intermediate S consist of fixed costs ξ and marginal costs r: c i (S) = / S r ξ + . As highlighted by Bartel et al. (2005) , in an equilibrium analysis, the rationale for outsourcing in this model is based on scale effects. If fixed costs ξ are sufficiently large, it will be cheaper to buy S externally from a specialised firm that sells its products to several clients despite transaction and internal costs associated with outsourcing.
3 The effect of the total amount of requested intermediates S is therefore ambiguous. On the one hand, scale economies in production decrease in-house production costs. On the other hand, the stronger bargaining power and scale economies in transaction costs reduces the costs of outsourcing for larger firms.
Overall, a firm's decision to outsource can be summarised by the following equation:
.
OUTS S r p S t ICT S X
For computational simplicity, we assume the observable transaction costs t to be a linear function of their arguments. Apart from ICT use and the quantity of intermediates needed, we consider a variety of further control variables X that may affect the outsourcing decision. A large share of skilled workers and thus tacit knowledge in the firm may imply that the exchange of knowledge 2 Nearly every fifth innovative firm in Germany cites suppliers as an important source of relevant knowledge for innovations, see Gottschalk et al. (2001) .
with suppliers is more difficult and may involve higher risks of knowledge leakage. 4 Exporting firms as well as firms belonging to conglomerates may face lower transaction costs since they are able to benefit from international contacts and existing networks in finding cheap and suited suppliers i.e. they face lower search costs in outsourcing (Osterman, 1994) . Works councils frequently increase wages (Addison et al., 2001) or induce higher termination or overtime costs for core employees (Gramm and Schnell, 2001 ). This might lead to a higher inclination of firms to outsource part of production to cheaper suppliers.
For simplicity, we model transaction costs as a result from the linear function 0 1t
The empirical model of outsourcing can thus be summarised in the following form:
which can be estimated using a conventional Probit approach.
A natural extension of the model is to assume that there is a continuum of intermediate goods for which the 'make or buy' decision must be taken. Therefore, in the empirical part, we also use a linear model with the share of intermediates in total output as the dependent variable. This variable can be interpreted as accumulated outsourcing decisions in the past.
Functional flexibility: a firm's decision to introduce holistic work organisation
Suppose that a firm has the choice to produce its output in two alternative regimes as proposed by Lindbeck and Snower (2000) : either in a 'Tayloristic' type of work organisation (T) with each worker specialising in a specific subtask; or in a 'holistic' or functionally flexible organisation (H) based on team work, job rotation, flat hierarchies or multi-tasking (Osterman, 1994; Chadwick and Cappelli, 2002) . Several empirical studies show that firms can increase their productivity by introducing functional flexibility (Macduffie, 1995; Ichniowski et al., 1997; Appelbaum et al., 2000; Zwick, 2004) . However, employees in flat hierarchies and teams need more training and probably demand a compensation for their increased responsibilities. In addition, installation for higher co-ordination and horizontal communication such as meeting rooms or Intranet are costly.
Taking fixed costs of installed capital as given, costs of producing output Q in the Tayloristic regime are given by the simplest functional form C T (Q)=vQ+w, with v denoting variable costs and 4
In addition, high skilled employees may oppose outsourcing because their skills become obsolete and outsourcing might threat their work places (Ichniowski and Shaw, 1995; Zwick, 2002) .
w being an i.i.d error term with expected value 0. The more productive holistic work organisation causes costs C T (Q) resulting from the function
where λ (with 1 0 < < λ ) represents the fraction by which the holistic organisation is more productive (or equivalently less costly for a given level of output) compared to the Tayloristic regime, and θ denotes additional unit costs in the holistic system resulting from more intense communication and co-ordination between employees and higher wage demands. While λ is assumed to be identical for all firms, co-ordination costs θ are assumed to be a function of ICT capital available as well as further observable factors summarised by X (see below), such that
Finally, u again represents unobserved firm-specific variables affecting the relative costs of the holistic regime compared to a Tayloristic work organisation, such as adequacy of the firms' products or services for team work, the willingness of employees to work in flat hierarchies or firm-specific internal organisation agreements.
A firm will decide to introduce a holistic regime if C H (Q)<C T (Q) or if
u w v Q λ θ − < − . With u and w following a normal distribution, the probability of a firm's choosing the holistic regime is given by . Assuming in addition that 'holistic' coordination costs θ are a linear function of ICT and X, the empirical model simplifies to a conventional Probit approach: Considering control variables X, we expect functional flexibility to be positively correlated with human capital in firms (such as a high share of highly qualified employees, apprenticeship training or continuing training) because they are complements to team work, quality circles, autonomous teams and other forms of employee involvement in high performance work organisations (Cappelli and Neumark, 2001; Jones and Kato, 2005) . Highly qualified employees are also better able to analyse more abstract and formal information needed in team work production and to make use of the scope offered by higher responsibilities and more discretion (Lindbeck and Snower, 2000) .
Several observers note that incentive payments are a crucial prerequisite for high performance workplace systems to be productive (Ichniowski et al., 1996; Ichniowksi, Shaw and Prennushi, 1997; Cappelli and Neumark, 2000) . Works councils help employers to spread the risk of longterm training, development and innovation in work design, as well as on a high level of trust between managers and workers (Arnal et al., 2001; Kalleberg, 2001) . They therefore might be positively correlated with functional flexibility. Works councils also have their agenda, however.
Being concerned about losing their power basis, they may hamper autonomous work organisations that grant more discretion and responsibilities to the work floor (Godard, 2004; Zwick, 2004) .
Therefore, there might also be a negative relationship between works councils and the incidence of team work, quality circles and autonomous work groups.
Specific hypotheses about ICT applications and flexibility
Our analytical framework above predicts that ICT use and investments enhance both types of flexibility. In the first place, ICT use reduces transaction and co-ordination costs, making cheaper both co-operation between workers of the same firm and co-ordination with external suppliers.
The data set allows us to discriminate between different types of ICT applications, whose expected impacts on organisational flexibility are briefly discussed in the following.
We use the share of employees who mainly work with a PC ( Training workers in IT-specific skills (ICTTRAIN) may be necessary for both the introduction of functional flexibility and outsourcing since tasks of employees may be changing in the course of these reorganisations. However, firms may be much more inclined to invest in workers' skills under functional flexibility whereas investments in human capital enhance internal fixed costs which contradicts the idea of numerical flexibility. We thus expect ICTTRAIN to correlate positively with a higher degree of functional flexibility but not (or even negatively) with the propensity of outsourcing.
We also dispose of information on the aims that firms pursue by using ICT. Development of new products is expected to be a goal of ICT usage applying to functional flexibility but not to outsourcing. Using ICT in order to achieve payroll costs savings should be a specific goal of outsourcing decisions. In contrast, the production regimes based on functional flexibility tend to be associated with higher costs (for training, communication etc.) such that we expect no correlation or a negative one between the aim of saving costs with functional flexibility.
Flexibility and Innovations
We estimate the probability that an enterprise innovates by the following Probit model including the flexibility strategy and ICT activities according to section 2.3: Among the additional control variables, we first include measures of ICT use and investment in order to control for other channels than organisational flexibility through which ICT may enhance innovation capabilities. The potentially positive impact of enhanced vertical co-operation between employees and management on innovations is captured by the works council measure in vector X (Zoghi et al., 2005) . Additional explanatory variables for innovations are financial incentives (INCENTIVE) -they are used to give non-managerial workers an incentive to come forward with innovations that might improve efficiency but also might put the worker´s own job at risk (Black and Lynch, 2005) . The size of the firm (SIZE) might be positively related to innovations since there may be more product lines and services that are open to efficiency and quality improvements. Firm age (AGE) may negatively affect innovation since older institutions may be able to benefit more strongly from products already established in the markets. Moreover, older firms may find it costlier and more difficult to adjust internal processes and routines established over a longer period of time.
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For a very similar approach, see Zoghi et al. (2005) .
The Data
The Descriptive statistics and short descriptions of the variables used in the empirical part of the study are summarised in Table A1 in the Appendix.
In order to measure the importance of ICT usage and investment in the enterprise, we use the share of employees mainly working on a PC (PCWORK) and ICT investments (INVICT). We assume that these complementary measures give a comprehensive picture of both the importance of ICT for work practices and of financial importance of ICT. In extensions of the reference specifications, we also include the share of workers involved in ICT-specific training (ICTTRAIN), the average number of personal computers connected to a network per worker (NETPC), the existence of an Intranet (INTRANET) as well as two dummies indicating that ICT is used in the firm in order to develop new products (GOAL_INNO) and to save payroll costs (GOAL_PCOST). As illustrated in Table A2 in the Appendix, the alternative measures of ICT use are strongly correlated.
In order to measure the degree of functional flexibility, we employ the share of employees of a firm working in autonomous teams, quality circles or job rotation, and financially autonomous This variable is an indicator for an extension of numerical flexibility during the more recent past.
Empirical Results

Estimation Strategy
In the first step, we explain functional and numerical flexibility by several ICT indicators and other factors. Disentangling the causal effects of ICT use on organisational flexibility is not an easy task, however. In fact, there are reasons to argue that the decisions to implement new technologies and to introduce new organisational forms are simultaneous (Milgrom and Roberts, 1990) . In this case, regressing measures of organisational flexibility on ICT variables and controls cannot be interpreted as causal effects but as correlations that may be due to complementarities between technology use and organisational change.
There is one theoretical and one methodological reason, however, why we believe the results of our analysis should be interpreted as running from technology use to organisation. The share of intermediates and our composed functional flexibility measure are estimated in a linear model by OLS, while outsourcing is estimated by a Probit model. Moreover, we apply instrumental variable (IV) approaches for our measures of flexibility making use of the hypothesis that ICT use affects innovation efforts primarily via organisational flexibility.
Results
In the first set of regressions reported in Table 1 , we explore to what extent ICT use and investments favour the introduction of numerical and functional flexibility. We estimate equations (2) and (4) Considering the parsimonious specifications (1), (3), and (5) in Table 1 Including a set of additional variables measuring ICT use in more detail (columns 2, 4, and 6 in Table 1 ), the coefficients of PCWORK and INVICT lose a considerable part of their significance.
As suggested above, this may be partially the result of high correlation between the different measures of ICT use (confer Table A2 ). Some interesting differences in the patterns of the detailed ICT measures occur. While all additional measures are insignificantly different from zero for the INTERMED variable, the number of personal computers connected to a network (NETPC) and the fact that a firm uses ICT for saving payroll costs (GOAL_PCOST) is associated with a significantly higher probability of outsourcing activities in subsequent periods. This shows that outsourcing firms focus on cost savings when using ICT. In addition, communication costs with external suppliers and information costs on market prices are reduced if the Internet is used.
In contrast, all the additional ICT use variables -except the dummy for cost savings via ICT - Further sensitivity checks revealed that the insignificance of the qualification variables may be due to the strong correlations between qualification ICT use. When we exclude PCWORK and INVIL from specification (5) in Table 1 , the share of highly qualified employees is positive and significant at the 5 percent level. Exporting firms (EXP) are frequently more numerically flexible than functionally flexible firms, which is consistent with the hypothesis that export activities help to cultivate international networks that facilitate finding appropriate suppliers. The results also confirm our conjecture that conglomerates (GROUP) can outsource easier. Firms controlled by works councils (WORKSCOUNC) are frequently numerically flexible, which may be due to the fact that remuneration in these firms is frequently particularly generous and lay-off rules for core employees strict.
Numerical Flexibility
We used a composed measure of functional flexibility so far. As a check to the sensitivity of our results to this aggregation, we employ an alternative measure defined as the number of the following measures used by the firms in 2004: team work, independent work group, quality circles or job rotation (compare Table A1 ). If we use this functional flexibility indicator as the dependent variable in an ordered Probit estimation (see results reported in Table A3 in the Appendix), we find a pattern in the explanatory variables which is very similar to the one obtained in the OLS regressions of specifications (5) and (6) in Table 1 : all ICT indicators have a positive and significant impact on functional flexibility.
Consequences for product and process innovations
In the second part of the empirical assessment, we analyse to what extent functional and numerical flexibility are associated with a higher propensity of firms to introduce new products and services Table 2 reports the marginal effects from these regressions evaluated at the sample means.
Most strikingly, the regressions show that FUNCFLEX enters significantly positive in both, the product and process innovation estimations. This supports the hypothesis that intense horizontal co-operation among employees not only enhances product and services improvements, but also helps to adjust processes more easily.
In contrast, outsourcing business activities is not associated with any statistically significant increase in the probability of product innovations after two years. However, outsourcing activities coincide with contemporaneous product innovations. This is shown in supplementary regressions reported in Table A4 in the Appendix. We interpret these results as evidence that firms may 'buy' innovations and expertise from external suppliers in the form of innovative intermediates that significantly affect the quality of final goods or services. Sustained improvement of products and services, however, may suffer when, as argued in the theoretical part of the paper, conflicting interests between firms and lack of required internal tacit knowledge hamper innovation capabilities. Our results for outsourcing are reversed if we consider process innovations instead of product innovations. Outsourcing activities do affect subsequent process innovation success but not contemporaneous process innovation success. Outsourcing seems to trigger process innovations only after a time lag. Obviously enterprises need some time to adapt to the new organisation requirements after outsourcing. If outsourcing is practiced for a long period of time, the firm seems to lose its capacity for product and process innovations and its absorptive capacity for new information -confer the insignificant coefficients of INTERMED.
A look at the other control variables reveals some patterns that are consistent with findings in the empirical innovation literature. There seems to be a tendency that a higher qualified workforce has a positive effect on product innovations while the qualification structure does not have an impact on process innovations. This finding is consistent with the view that innovation activities require tacit and firm-specific knowledge and exacerbate the strategic role of human capital development (Hatch and Dyer, 2004) . Exporters are also more innovative -this may be due to the fact that they are exposed to more competitors with different competition strategies they can use as benchmarks. 7 The dummies controlling for firm size show that the likelihood of firms to innovate is increasing in firm size (Cohen, 1995) . Somewhat surprisingly, the results do not provide any evidence supporting the conjecture that younger firms or firms with a high share of young workers are particularly innovative. 8 Finally, also the vertical communication channel between employees and management via works councils (Zoghi et al., 2005) does not seem to enhance the innovative capacity in Germany.
Organisational flexibility as a link between ICT use and innovation success
In the regression results from Table 2 , we present some weak evidence that technology use positively affects innovation success. The coefficient for ICTINV is significantly positive, albeit at the 10% level only. In the case of process innovations, however, this result may be driven by the necessity to increase overall investment for renewing processes. 9 The weak evidence of direct contributions of ICT use to innovations supports the view that ICT fosters innovation activities in firms mainly by contributing to organisational flexibility (as shown in the previous section). A 7
For an empirical assessment of the causal links between innovation and exports, see Ebling and Janz (1999) and Arnold and Hussinger (2005) . 8 The share of employees younger than 30 years is even significantly negative in the regressions for process innovations. A possible explanation for this odd result might be that the share of younger workers is particularly high in firms with less formalized production processes and therefore process innovations are difficult identify.
subset of these organisational adjustments, i.e. functional flexibility, directly contributes to innovation success.
The observation that innovation contributions of ICT run primarily via organisational flexibility is backed by further regressions reported in columns (2) and (3) in Table A4 in the Appendix. These regressions replicate the specifications from Table A3 We exploit this latter finding for additionally using an IV approach to assess the innovation contributions of organisational flexibility. Wald-tests suggest that the extended set of ICT indicators (as employed in the specifications (2), (4) and (6) See Card (2000) for a theoretical treatment of the interpretation of instrumented variables. An alternative reason for the increase in the IV coefficients probably is that the flexibility indicators are measured with error and therefore are negatively biased (Griliches and Hausman, 1986) . By adding additional information on the type of firms that are flexible this bias is reduced. 13 Several tests and sensitivity checks support the validity of our IV approach. Correlations between instruments and flexibility measures are strong (see Staiger and Stock, 1997) -the ICT indicators are jointly and individually frequently highly significant predictors of outsourcing and functional flexibility (compare Table A5b ). Sargan tests of overidentification do not reject the validity of our instruments. Finally, we check the robustness of our results estimating the innovation propensities in a linear The impacts of both flexibility types on innovation activities also differ. Functional flexibility significantly increases the probability of product and process innovations in subsequent periods by more than 10 percent. Outsourcing, by contrast, leads to contemporaneous product innovations but there is no statistically significant product innovation effect in the long run. We interpret this result as evidence that outsourcing is frequently used to buy new and innovative intermediates that directly help to improve own products and services but that have no impact on own generic product innovation activities. Outsourcing leads to more process innovations after a time lag, however. Apparently, firms optimise their internal organisation structures and processes some time after the outsourcing contract.
These results are robust with respect to various tests and sensitivity checks. Outsourcing and functional flexibility are endogeneous in the innovations estimations. Using several ICT indicators probability model by OLS in order to allow for a direct comparison of the coefficients in the IV approach which is also based on a linear model. Compared to the Probit model, the coefficients of the as instruments for both types of flexibility, we find that ICT is an important enabling technology for functionally flexible firms to innovate. It only plays a neglectable direct role for innovations, however.
Overall, our representative empirical results highlight that organisational adjustments are a crucial way by which ICT contributes to innovation activities in the overall economy. ICT lowers the cost of communication and coordination both between employees and between firms. This helps firms to adopt more flexible organisational structures that contribute to own innovation activities. Our study shows that in the longer run, these innovation effects persist only if the absorptive capacity is increased by team work and decentralisation of decision power.
flexibility indicators are smaller (see Table A6 ) but the significance levels are similar. Significance levels: ***<0.01, **<0.05, *<0.1, heterogeneity robust standard errors
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